The monoclinic silicates Lu 2 SiO 5 and Sc 2 SiO 5 (Y 2 SiO 5 type, space group C2/c) form a solid solution Lu 2−x Sc x SiO 5 . Samples with x = 0.5, 0.8, 1.0 were synthesized ceramically from Lu 2 O 3 , Sc 2 O 3 , and SiO 2 . The structures of three crystals with x = 0.88, 0.77, and 0.50 were refined on the basis of single-crystal X-ray diffraction data. The rare earth (RE) atoms occupy two crystallographically different 8 f sites with oxygen coordination numbers (CN) of 6 (RE2) and 7 (RE1). Refinements of the occupancy parameters showed Lu/Sc mixing for both sites with a strong preference of the smaller scandium atoms for CN6.
Introduction
Scandium forms the dimorphic silicate Sc 2 Si 2 O 7 . Under ambient conditions it crystallizes with its own monoclinic structure type, space group C2/m [1, 2] and transforms to a cubic high-pressure phase with pyrochlore-type structure at 1270 K and 120 kbar [3] . In nature the solid solution (Sc, Y) 2 Si 2 O 7 is one of the rare scandium minerals. Besides Sc 2 Si 2 O 7 the crystal structure of the silicate Sc 2 SiO 5 [4 -6] has recently been reported. It adopts the monoclinic Y 2 SiO 5 type, space group C2/c. The technical interest in Sc 2 SiO 5 relates to its high thermal conductivity and negative refractive index, which makes it an interesting host material for laser optics [7 -9] . Furthermore, a variety of multinary scandium silicates are known. In several quaternary silicates like K 3 ScSi 2 O 7 [10] or Ba 9 Sc 2 (SiO 4 ) 6 [11] , one observes full ordering of the cations meeting the coordination requirements of Sc 3+ (octahedral) on one side and the alkali and alkaline earth metal cations with larger coordination number on the other. The situation is different for Sc 2 SiO 5 which c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com is doped with 1 -4 % of another trivalent rare earth cation for optical applications. The Sc 2 SiO 5 structure has two crystallographically independent scandium sites on Wyckoff positions 8 f . These two sites have oxygen coordination numbers 6 and 7 for Sc2 and Sc1, respectively. For an understanding of the electronic structure variations and the interpretation of the optical properties it is important to know on which crystallographic site the doping cations are located. 
EDX data
Semiquantitative EDX analyses of several needle-shaped Lu 2−x Sc x SiO 5 crystals, including those investigated on the diffractometer, were carried out with a Leica 420i scanning electron microscope with LuF 3 , Sc, and SiO 2 as standards. The experimentally observed compositions were close to the ideal ones. No impurity elements were detected.
X-Ray diffraction
The polycrystalline Lu 2−x Sc x SiO 5 samples were characterized by Guinier patterns (imaging plate detector, Fujifilm BAS-1800) with CuK α1 radiation and α-quartz (a = 491.30, c = 540.46 pm) as an internal standard. Different Lu 2−x Sc x SiO 5 crystals suitable for single-crystal X-ray diffraction were selected on the basis of the size and the sharpness of the diffraction spots by Laue photographs on a Buerger camera (using white Mo radiation). The data collections of three crystals with different compositions were carried out in oscillation mode on a Stoe IPDS II diffractometer using MoK α radiation. Numerical absorption corrections were applied to the data sets. Details about the data collections and crystallographic parameters are summarized in Table 2 .
Structure refinements
The three data sets showed C-centred monoclinic lattices. The observed extinction conditions agree with the space groups C2/c, C2 and Cc, of which the centrosymmetric space group C2/c was found to be correct during the structure refinements, in agreement with the structure of isotypic Lu 2 SiO 5 [15] . The atomic parameters of the lutetium compound were taken as starting values, and the three structures were refined with anisotropic displacement parameters for all atoms with SHELXL-97 (full-matrix least-squares on F o 2 ) [16, 17] . Both 8 f rare earth sites were refined with mixed Lu/Sc occupancies. The refinements then smoothly converged to the residuals listed in Table 2 [21] , and they form a solid solution Lu 2−x Sc x SiO 5 . The lattice parameters drastically drop from the lutetium to the scandium compound, but in an almost isotropic manner (Table 1 Table 3 . Atomic coordinates and equivalent isotropic displacement parameters (pm 2 ) for the solid solution Lu 2−x Sc x SiO 5 . The three structures were refined with the setting of Lu 2 SiO 5 given by Gustafsson et al. [15] . U eq is defined as one third of the trace of the orthogonalized U ij tensor. All atoms lie on the Wyckoff positions 8 f . and Fig. 1 (Table 4) . As expected, the RE2 site with the smaller coordination number shows much larger scandium occupancy for all three crystals investigated. As a consequence, the average RE-O distance decreases by 2 pm for the RE1 and by 6 pm for the RE2 site. These differences are also reflected in the course of the calculated bond valence sum (BVS) values listed in Table 4 . For Lu 2 SiO 5 the calculated values are in good agreement with the expected values for Lu 3+ and Si 4+ , respectively [22, 23] . Due to the Lu/Sc mixing in the investigated structures we observe a BVS larger than 3 if the calculation is carried out solely for Lu 3+ and a much smaller BVS when using Sc 3+ . In agreement with the course of the occupancy parameters (Table 3) , this discrepancy is most pronounced for Sc 3+ on the RE1 site and for Lu 3+ on the RE2 site. These results are an important prerequisite for the doping experiments for optical applications. Sc 2 SiO 5 has been used as host matrix for Nd 3+ [8] , Tm 3+ [9] , and Yb 3+ [7] with concentrations up to 5 at.-%. So far, precise structural studies on the doped materials have not been carried out. Based on the present data we can conclude that the significantly larger RE 3+ doping cations will preferably occupy the larger RE1 site.
Finally we briefly discuss the connectivity of the metal-oxygen polyhedra. As emphasized in Fig. 2 , one can subdivide the Lu 2−x Sc x SiO 5 structure into three substructures. The Lu1/Sc1O 7 and Lu2/Sc2O 6 poly-hedra are condensed via common edges and corners, leading to two-dimensional subunits. The latter are connected via the almost regular SiO 4 tetrahedra, leading to the complex network shown at the bottom of Fig. 2 4 ]O emphasize the oxide-silicate character. While the O1, O2, O3, and O4 atoms connect to the silicon atoms, the O5 atoms are located within rare earth tetrahedra (Fig. 3) . These O5(Lu/Sc) 4 tetrahedra are trans-edgesharing, leading to chains which extend in the c direction. These chains show the motif of a distorted hexagonal rod packing. These rods are separated by the SiO 4 tetrahedra.
